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Introduction {#sec005}
============

The hypoglossal canals are paired bony passages that transmit the hypoglossal nerves (CN XII). They run lateral to and slightly anterior to the posterior cranial fossa to the nasopharyngeal carotid space. Besides the hypoglossal nerve, the canal also contains an ample venous plexus, a small variable emissary vein, a branch of the ascending pharyngeal artery, and sometimes a persistent hypoglossal artery \[[@pone.0118317.ref001], [@pone.0118317.ref002]\]. The hypoglossal nerve is formed by 12--16 rootlets that emerge from the preolivary sulcus and usually divide into two trunks that may or may not unite as they traverse the hypoglossal canal. Nonunited trunks may travel separately through a septated hypoglossal canal \[[@pone.0118317.ref003], [@pone.0118317.ref004]\]. Hauser et al. classified the hypoglossal canal into 5 variations using bone specimens as follows: Type 1: No traces of division. Simple canal. Type 2: Traces of division. One osseous spur expressed either marginally at the inner or outer orifice of the canal or inside it. Type 3: Traces of division. Two or more osseous spurs expressed anywhere along the canal. Type 4: Complete osseous hypoglossal bridging expressed in the internal or external portion of the canal. Type 5: Complete osseous hypoglossal bridging extending along the entire canal. In a few recent studies, hypoglossal canal variations were classified into 5 types as above, but most studies have classified bridging as either double (type 4 and 5) or single (type 1, 2, and 3) \[[@pone.0118317.ref005],[@pone.0118317.ref006]\].

Multidetector computed tomography (MDCT) scanners easily acquire 1 mm or thinner section thicknesses, allowing isotropic or near-isotropic reconstruction in any plane desired, to easily display the dimensions and morphology of the hypoglossal canal \[[@pone.0118317.ref001], [@pone.0118317.ref007]\]. With magnetic resonance imaging (MRI), high-resolution contrast T1-weighted images (T1WI) with fat suppression can detect the hypoglossal nerve within the enhancing venous plexus \[[@pone.0118317.ref001], [@pone.0118317.ref002], [@pone.0118317.ref008]\]. Currently, CT and MRI are the methods of choice for the evaluation of patients with hypoglossal nerve palsy of unknown etiology \[[@pone.0118317.ref001]--[@pone.0118317.ref004],[@pone.0118317.ref007]--[@pone.0118317.ref012]\]. Osseous bridging and size asymmetry of the hypoglossal canal are major normal variations. There have been only a few reports on these variations with image analysis, however, and they were based on small numbers of skull specimens \[[@pone.0118317.ref005],[@pone.0118317.ref006],[@pone.0118317.ref013]--[@pone.0118317.ref018]\]. The true prevalence of these variations in the population is not known especially in Japanese. We sought to evaluate the prevalence of hypoglossal canal bridging in a Japanese population using MDCT.

Materials and Methods {#sec006}
=====================

Ethics Statement {#sec007}
----------------

The Teikyo University ethics committee approved this study. Written informed consent was waived because of the retrospective nature of the study. Patient information was anonymized prior to analysis.

Human subjects {#sec008}
--------------

From May 1, 2009 to May 15, 2013, 763 brain CT angiography (CTA) examinations were carried out at our institution. One hundred and twenty-four examinations were additional studies on the same patients and were excluded from this study. Forty-nine scans that did not include thin sections were also excluded. The remaining 590 cases (mean age, 61 years: range, 15--94 years: 254 men, 336 women) were evaluated. The indications for CTA for the 590 patients are shown in [Table 1](#pone.0118317.t001){ref-type="table"}. Of these, contrast-enhanced MRI was carried out in 61 patients, and these images were also evaluated.

10.1371/journal.pone.0118317.t001

###### Indications for CT angiography of 590 patients.

![](pone.0118317.t001){#pone.0118317.t001g}

                                        number
  ------------------------------------- --------
  cerebral aneurysm                     353
  brain tumor                           98
  moyamoya disease                      5
  arterial stenosis                     38
  brain infarction                      55
  arterial dissection                   21
  venous thrombosis                     6
  cerebral arteriovenous malformation   7
  arteriovenous fistula                 2
  angiitis                              2
  cholesteatoma                         1
  brain abscess                         1
  infective endocarditis                1

Imaging protocols {#sec009}
-----------------

CTA was performed using a 64-detector-row CT system (Aquilion 64; Toshiba Medical Systems, Ohtawara, Japan) with the following parameters: 64 × 0.5 mm detector collimation, reconstructed as axial sections with a thickness of 0.5 mm, slice interval of 0.3 mm, field of view 22 cm, 0.75 s/gantry rotation, 120 kVp, 350 mA and 0.64 beam pitch. Each subject was first examined without contrast material, followed by an injection of iopamidol (Iopamiron 370, Bayer Health Village, Osaka, Japan) with a power injector. The injection dose was 70 mL and the injection rate was 4 mL/s. No saline chaser was administered. A bolus-tracking program was used and the scan delays were set at 5 s after the trigger.

MRI examination was performed using one of two 3 T imaging units (Signa HDxt; GE Healthcare, Milwaukee WI, USA) with an eight-channel head array coil. Axial 3D fat saturation T1WI were acquired after the administration of 0.1 mmol/kg gadobenate dimeglumine. The sequence parameters were repetition time/echo time 6.4/2.1 ms, slice thickness 1.4 mm, slice spacing 0.7 mm, field of view 22 cm, matrix size 352 × 256, flip angle 13°, number of excitations (NEX) 1, and bandwidth 41.67 kHz.

Image analysis {#sec010}
--------------

The hypoglossal canal was defined as an occipital bone canal extending from the posterior cranial fossa to the nasopharyngeal carotid space. If bone separation existed in the canal on CT, it was defined as 'double hypoglossal canal'. This definition was the same as Hauser's definition of hypoglossal canal variation types 4 and 5 \[[@pone.0118317.ref005],[@pone.0118317.ref006]\]. Two radiologists (T. K., T. K. with 11 and 3 years of experience, respectively) independently reviewed the non-enhanced and enhanced axial CT results and judged whether double hypoglossal canal was present or not at a window width of 3000 and window level of 500. If discrepancies existed between the two readers, a consensus was achieved by discussion after both reading sessions were completed. The same two radiologists also determined the maximum short-axis diameter of the single hypoglossal canal by consensus. Size asymmetry was defined as a left-right difference \> 1 mm. One example of double hypoglossal canal is shown in [Fig. 1](#pone.0118317.g001){ref-type="fig"}.

![46-year-old female with meningioma had left Double hypoglossal canal.\
(a) 3D CT image (b) Oblique sagittal reconstructed CT image showed the right hypoglossal canal. (c) Oblique sagittal reconstructed CT image showed left double hypoglossal canal. (d) Low signal intensity of the right hypoglossal nerve within an enhancing venous plexus was seen on oblique sagittal reconstructed image of contrast enhanced and fat saturation T1WI. (e) Low signal intensity of left hypoglossal nerve within a duplicated enhancing venous plexus was seen on oblique sagittal reconstructed image of contrast enhanced and fat saturation T1WI.](pone.0118317.g001){#pone.0118317.g001}

Enhanced MRI images were used to exclude the possibility of the emissary vein being mistaken for the hypoglossal canal. Sixty-one patients had undergone contrast-enhanced MRI, and it was determined whether the hypoglossal nerve was in the canal, as represented by a linear filling defect within the venous plexus of the canal \[[@pone.0118317.ref002]\].

Statistical analysis {#sec011}
--------------------

Kappa statistics was used to test the reliability between the 2 investigators. κ was evaluated as follows: 0--0.20 as slight, 0.21--0.40 as fair, 0.41--0.60 as moderate, 0.61--0.80 as substantial, and 0.81--1 as almost perfect agreement.

A logistic regression was used to evaluate the prevalence of double hypoglossal canal and the following factors: sex, age, and laterality. Student's *t* test was used to evaluate the sex difference and asymmetry of the single hypoglossal canal diameters. All statistical analyses were performed using software (PASW Statistics, version 21.0; SPSS, Chicago, Ill) and statistical significance was accepted at P \< 0.05.

Results {#sec012}
=======

A total of 113 double hypoglossal canals (in 100 patients) were identified by both readers. Almost perfect agreement was seen between the two readers (k = 0.975). Double hypoglossal canal was found in 16.9% of the subjects, with 14.7% unilateral and 2.2% bilateral. The prevalence of double hypoglossal canal was shown in [Table 2](#pone.0118317.t002){ref-type="table"}, and the logistic regression results were shown in [Table 3](#pone.0118317.t003){ref-type="table"}. Double hypoglossal canal on the left side was significantly more frequent than that on the right (P = 0.004, odds ratio = 1.79) and double hypoglossal canal was significantly more frequent in males than females (P = 0.011, odds ratio = 1.67).

10.1371/journal.pone.0118317.t002

###### Prevalence of double hypoglossal canal.

![](pone.0118317.t002){#pone.0118317.t002g}

               Male patients (*n* = 254)   Female patients (*n* = 336)   Total (*n* = 590)
  ------------ --------------------------- ----------------------------- -------------------
  Right side   27 (10.6%)\*\*              15 (4.5%)\*,\*\*              42 (7.1%)
  Left side    35 (13.8%)                  36 (10.7%)\*                  71 (12.0%)
  Bilateral    10 (3.9%)                   3 (0.9%)                      13 (2.2%)

10.1371/journal.pone.0118317.t003

###### Factors related to double hypoglossal canal evaluated with logistics regression.

![](pone.0118317.t003){#pone.0118317.t003g}

                  odds ratio   (95% confidence interval)   P value
  --------------- ------------ --------------------------- ---------
  **sex**         1.672        (1.127--2.480)              0.011
  **age**         0.996        (0.982--1.009)              0.513
  **left side**   1.792        (1.199--2.676)              0.004

The sizes of the single hypoglossal canals are shown in [Table 4](#pone.0118317.t004){ref-type="table"}. Left-sided predominant width asymmetry was observed in 31.6% of the patients and right-sided predominant width asymmetry in 12.2%. The left hypoglossal canal in males and females was significantly larger than the right (P \< 0.001). Both the right and left hypoglossal canals were significantly larger in males than those in females (P \< 0.001).

10.1371/journal.pone.0118317.t004

###### Sizes of single hypoglossal canals.
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                    Male patients (n = 202)   Female patients (n = 288)   Total (n = 490)
  ----------------- ------------------------- --------------------------- -----------------
  Mean size                                                               
    Right side      3.27 ± 0.91               2.98 ± 0.91                 3.10 ± 0.92
    Left side       3.48 ± 0.84               3.21 ± 0.84                 3.32 ± 0.90
  Asymmetry                                                               
    Right \> left   26 (12.9%)                34 (11.8%)                  60 (12.2%)
    Right \< left   65 (32.2%)                90 (31.3%)                  155 (31.6%)
    Right ≈ left    111 (55.0%)               164 (56.9%)                 275 (56.1%)

\* The left hypoglossal canal in males and females was significantly larger than the right (P \< 0.001).

\*\* The hypoglossal canals in males were significantly larger than those in females (P \< 0.001).

Of 590 patients, 61 underwent MRI and 13 were noted to have double hypoglossal canal. We verified the hypoglossal nerve within all canals in all cases examined by MRI; no emissary veins were misidentified as hypoglossal canals.

Discussion {#sec013}
==========

The prevalence of double hypoglossal canal was 16.9%, with 14.7% unilateral and 2.2% bilateral. A sex difference was found in the prevalence of double hypoglossal canal, which was more frequent in male than in female patients (odds ratio = 1.67). Double hypoglossal canal was more frequent on the left side than on the right (odds ratio = 1.79). Size asymmetry of the hypoglossal canal was common, and the right hypoglossal canal was often smaller than the left. The prevalence of double hypoglossal canal followed the same trend as the size of single hypoglossal canals, i.e., it was more common on the left than on the right.

The hypoglossal canals are divided by connective tissue or bone, because they are generally thought to represent the fusion of three or four formerly separated vertebrae in the fetal period, resulting in basioccipital bone formation. Hauser et al. classified the hypoglossal canal into 5 variations using bone specimens. In a few recent studies, hypoglossal canal variations were classified into 5 types, but most studies have classified bridging as either double (type 4 and 5) or single (type 1, 2, and 3) \[[@pone.0118317.ref005],[@pone.0118317.ref006]\]. Hauser's classification was complicated and evaluated very small bone spurs, making the classification difficult even with MDCT. Our results suggest that a sex difference exists in the prevalence of double hypoglossal canal. A previous bone specimen study was carried out using a relatively small number of specimens and the sex difference in the prevalence of double hypoglossal canal was not statistically significant \[[@pone.0118317.ref017]\]. The sex difference in the prevalence of a double hypoglossal canal found in this study is novel. It is not clear whether this sex difference is a trait of humans in general or limited to the Japanese population. Different prevalences of double hypoglossal canal, based on bone specimens, have been found in different countries, with a range of 7% to 27% \[[@pone.0118317.ref014],[@pone.0118317.ref017]\].

According to Dodo, the prevalence of bony hypoglossal canal bridging was anatomically observed in 16.9% of Japanese with a tendency toward left side predominance of bridge formation \[[@pone.0118317.ref019]\]. Our results show a similar incidence of double hypoglossal canal and left side predominance.

The prevalence of a hypoglossal canal bridging has been used as an anthropological marker to distinguish racial differences. However, our results suggest that the racial differences in the prevalence of a hypoglossal canal bridging may actually be influenced by the sex ratio of the study population.

Size asymmetry of the hypoglossal canal was common in this study, with the right hypoglossal canal often smaller than the left. The reason for this asymmetry is not clear. Okudera et al. suggested that asymmetry of the jugular bulb could occur because of negative pulse waves from the right cardiac atrium to the right jugular bulb through the straight right internal jugular vein \[[@pone.0118317.ref007], [@pone.0118317.ref020]\]. The jugular foramen runs just outside of the hypoglossal canal, and the space for the occipital bone is restricted by the size of the jugular foramen. Asymmetry in the hypoglossal canal size and the prevalence of double hypoglossal canal may be influenced by the asymmetry of the jugular foramen.

Clinically, it is important to evaluate hypoglossal canal bridging to help understand various pathologic processes, such as dural AVF. The venous plexus and emissary vein enter the hypoglossal canal, which plays an important role in the venous circulation. It connects to the anterior condylar confluence and suboccipital cavernous sinus, resulting in widespread antegrade and retrograde drainage in cases with dural AVF. Bony change with dural AVF was reported in this region \[[@pone.0118317.ref021]\]. Hypoglossal neurinoma, as another disease, shows enlargement of hypoglossal canal \[[@pone.0118317.ref010]\].

There were some limitations in our study. First, we did not have autopsy results for these cases and there is no proof whether our determination of the status of the hypoglossal canal was true or not. Second, CT has only 0.42 mm/pixel resolution. If the hypoglossal canal was smaller than this, we may have missed the smaller canals and underestimated the prevalence of hypoglossal canal bridging. Third, we could not evaluate the size of the jugular vein with arterial phase contrast-enhanced CT, and so it was difficult to correlate the jugular vein and hypoglossal canal. Fourth, we evaluated only the bridging hypoglossal canals divided by a bony septum. We may have overlooked hypoglossal canals divided by a soft tissue septum or thin bony septum. The double hypoglossal canal may not be equivalent to hypoglossal canal bridging. Moreover, females have smaller hypoglossal canals and this size scaling was likely to be reflected in the thickness of the bridge. Consequently, the sexual difference may be overestimated simply because the smaller female bridges were more difficult to detect than in the males on CT. Finally, some emissary veins may have been mistaken for hypoglossal canal bridging. Although 13 cases of hypoglossal canal bridging were identified using MRI, 88 cases were evaluated by only CT. The emissary vein links the posterior fossa to the hypoglossal canal and usually runs obliquely in the occipital bone. CT can distinguish an emissary vein from the hypoglossal canal. But some emissary veins may be mistaken for a double hypoglossal canal and the prevalence of double hypoglossal canal may be overestimated.

Conclusions {#sec014}
-----------

Double hypoglossal canal was identified in 16.9% of patients, 2.2% of which were bilateral in Japanese. Left greater than right size asymmetry in hypoglossal canals was common. Double hypoglossal canal is more frequent in males than females (odds ratio = 1.67), and is more frequent on the left side (odds ratio = 1.79).
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